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FORZIWORD
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I PROBLEM OF PRODUGING GET DICHLORCANHYDRI DI O
F OF ~C‘¢OHOETH£LPHOuP JONTC ACID - S

- - vsse -

éﬁollewiﬁﬂ is the translation of an ar'icle

; : V Ye. Lo Gefter and M. I. Kab&m nnk in Plag-
i , icheskive massy {(Plestics), 1, J;wbmw '
N '"»41%01, pages TH55.7

onss’

ﬁ*eﬁlara&nhyﬁr*ae of 5muﬁl@waethvxpdabwh nic acid
;1ﬂ & by-product in the manufacture of chloroan nyuride
and the esterz of vinylphosponic acid and alsc in the re-
'1nforu1ng of phosphorus-containing esters(l).
i The following methods are known for producing this
‘compound:
, . &) the treatment of diw ﬁ‘wﬁhlaroc%hyl gsber of |
f@bablmrcetﬁylpfaa nonie . acid BEKhF} by nabgpherua p@ﬂtal
‘chloride, or the undistilied pro uct of arbuz vaekaya /27
isomerization of tri-B, %', B'wchlo e#hylpaospnlfe (tEch- |
nical DE%hY; ah 150-1607 under pre sure{2). P
: b} the resction of phosphorus trichloride, dlchlﬁrQ“
‘ethane, and sluminus chloride with the subsequent hvdroly31s
of the complex formed(3);

) the resction Df PGI§ with et%ylene and. oxygen(@].

s For producing any significant amount of the anhy-
‘dride of @-chloraethylﬁnaanbon'ﬁ acid the second method
is very inconvenient, and the third yields a small amount
‘of the desirsd product. Thus, the PCl. treatment of the

product of the isomerization of tri-f), &:' ?) ‘~chloroethyi-
phosphite is the only practical method of producing the
chh?uraanhydride of &wchlorcethy phosphenic acid. However,
‘the need to use pressure occasions a substantial. 1nconvenf
ience into the process of obtaining the dichloroanhydride
in large quantities; carrying out the reaction without praa-
sure, however, diminishes the yield from 70 to 10-1% %, |
rand requires a large excess of PP15 (which is ex?rsme7y ;

iunpraiit ahle). == _-:.by., 20022 K
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Considering the foregoing, we studied the possibi-
lity of producing the dichloroanhydride of B-chloroethyl-
phosphonic acid with satisfactory yields, without the use
of pressure.

We examined two basic approaches:
| 1. Conversion of DEKhK intq ﬁmchloroethylphosphonlc
acid with subsequent treatment of the acid by various
chloroanhydride~forming agents.

2. Conversion of DEKhK into the chloroanhydride,
bypassing the formation of &fchloroethylphosphonlc acid.

In producing P-chloroethylphosphonic acid it became
clear that DEXKhK hydrolyzes upon prolonged boiling with
‘concentrated hydrochloric acid (treatment by faqueous and
alcoholic solutions of alksali for this purpose is not suit-.
able, as is well knOWﬁ(B)) However, this approach is '
not helpful since it i1s subsequently necessary to distill
off from the acid obtained a large amount of water and dis-
‘g0lved hydrochloric acid. :

A more convenient wmethod is the treatment of DEKHK:
(pure or technical) by dry hydrogen chloride at 140-160°.
Here the ester bonds are easily broken, the dichloroethane
formed is distilled off, and there remains in the reaction
vessel ﬁ—chloroethylphosphonlc acid: :

2

.Clcﬁ CHEPO(OOHZCH201)2 + ZHCl  ~——>

——-> ClCH,CH,PO(CH), + 2C1CH,CH,CI

Treatuent of the latter with thionyl chloride, phos-
gene, phosphorus trichloride, and silicon tetrachloride,
which have been successful in producing chlorocanhydrides
of carboxylic acids(6,7), have not shown a positive result.
Only the action of 80012 in the presence of catalytic quan-

tities of pyridine has resulted in some chloroanhydride.

In 8ll the other remaining instances the evolution of HC1
has been observed, but the chloroanhydride of f-chloro-
ethylphosphonic acid has not been formed. The conversion .
of ~chloroethylphosphonic acid into its chloroanhydride
evidently proceeds through a stage of a polymeric anhydride:
ClGHZCH PO(OH)2 —p (C}CBECH Pog) -3 (1CH CF?P0012’

and the above-mentioned relatively weak agents in practxce
form only the first stage of this process.

Treatment by phosphorus pentachloride, and also Sim-
ultaneous reaction of phosphorus trichloride and chlorine
smoothly converts f-chloroethylphosphonic scid into its
chloroanhydride with yields of up to 80 % of the theoretical:




g ethylphosphonlc acid.

Jof chloroanhydride of ﬁ-chloroethvlphOaphon;o acid from

110=1% % to 80 %. The action of these catalysts on the

jcarbon chain is well-known(8), and recently these have
been patented for the production of the chlvroanhydrlae

tat different tem@eratures results in such a sérious insuf<

CIGHEPHZPOCOH)E + 2P015 “'fw»% - (2?013 4 2012)

o C;CHPCHEPOGle ,+' n2P0015 + 2HC1

.- Also studzed has baen the posaibility of a direct
conversion of DEKhK inteo the chior anphydride of @mchloroT

. The action of SlCl GOGIE, PGLZQ and uOClP on

DEKhK at various. t@mperaturec has not iad to the desired
‘result.

The action of phoaphorus pentachloride on DEKhK
at 140«1“0 » @specially in the presence of seversal cata-
lysts, has brought about a sharp increase in the yields

of vinylphosphonic acid(%).

- Of considerable impcrtant is the order of qteps
|in carrying out this reaction. Heating the mixture of
DEKhK and Pul5, and also the addition. of DEKhK to P015

ficiency that the evaporating dichloroethane -~ to the ex-

joxychlioride carry off with them a cousiderable amount of

| heated DEKbX with 'a small addition of iron chloride, copp

'1ng both ester bonds. From the dichlorcethane, phosphoru

tent of its formation -~ and the evaporating phosphorus

,phoupharus pentachloride,which leaves the reaction zone.
i - Upon the gradual intreoduction of P015 into the

,chlor1de, aluminum chloride, and others, together with . |
ian energetic stirring of the mixture, all of theyPGl¢ wh
‘enters into the reaction zone interacts with DEKhK, “brea

‘oxychloride, and chlorcanhydride of §-chloroethylphosphon
‘acid that are formed, the first two components are msinly
distilled off in the course of the eeaction, and the resi
ana the desired product are separated by vacuum distilla-
'tion, The yield: 80 %. Instead of urs DEEKhK the dry
product of the isomerization of trl*% &“-ethylphosph te
Zgy7ge%used in the reaction. Here the yleld stands at A
The attempt to use in place of phesphorus pentachl r-
.1de,phosphorus trichloride and chlorine, is not successful
under the reaction conditions a significant amount of the |
PCl 1ntroduced d»composes wlth the evclution of yellow |

.ggogphorus. : o L S ’ f




| Experimental Part /See Note7

. |imental work .7

; All oneratlons in ’che producticn ami isolation of
* ' lthe chlorocanhydride of @»chloroethylphosphonlc acid must .
be protected from moisture in the air. -

§~the ‘data of its analysm are cited only once :’m order to
3 avoid repetltions. L : :

. I
i

Techm.cal @-chloroethylpho.;phomc amd

a period of ten hours. 372 g of dichlorcethane was ¢ol=
lected (theoretical emcunt: 396 g). In the flask 305 g
of dry f}»chlcmethylphosphonic acid (sccording to theory .
-= 289 g) was left behind -- & dark viscous liquid with
en acid number 751 (calculated acid number is ’??6) :

- from @-chlomethylphosphonm acld and PCI5

@) To 72 g of technical @-—-chlametnylphasphmnic
acid 209 g of P015 was gradually added; tlhe addition was .

accompanied by hesting up to 50-60” and a profuse egelutlc
_iof hydrogen chooride. - The reaction was heated to 80° '
iwhich time the phosphorus oxychloride was &1stllled o:{‘f N
‘iand the residuewas then vacuum-dlstillgd The ‘fraction
with the boiling~-point range of 60-100" (1,5-2 mm) was
idistilled once more and 64 g (70 % of the theoretical) -
‘of the dichloroanhydride of- «chloroethylphospggnic acid
was . Obtained with a b. p-. 78-80 at -4

= 1{5440. ‘The literature valuee.(é) b p. = 68° gt
16

: cula'ced amount of hydro’lyzable chlorlne was 39,1 %.
i b) Hydrogen chloride is paesed -for six hours throug
135 g of pure DEKhK at 150-160°, * The ysllow 1liguid obtair
with an ‘acid number of 766 is trea’ce& with 209. g’ gf PCIS,

gas in ‘the preceding expemment.. 75 g (82 % of" the theore-

[Fote:_ L. S. Ludentsov ﬁartiéipéﬁed in the expera

The constants of the chloroanhydride obtained and, | -

An excess of dry hyd.rogen chl omdewa’s passeci through
g technical DEKhK. The process was carried out at| -
: 150-160 with “strong agitetion of the reaction mixture for

Chloroanhydride oi‘ @-—chlcmethylphosphonic ac:.d h

= 1.4977; and dlﬁv= 1:5430.  The amount of bydrd
lyzable chlorlne i‘oundwas 39. 04 %, 02H40P015 - The’ cal- '

341

2 1. 4992- “

) o

"jtical) of the dichloroanhydride of Q-chloroethylphosphomc

__agj.cl was obtained.
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‘Chloroanhydride of 6-chloroethylphosphonlc acid = | -
from @~chloroethylphosphonxc acld Pcl5, and g
chlovxne _ ;

| To a mixture of "’2 of technical @«-chloroethyl» f
iphosphonric acid and 69 g of phosphorus trichloride a stream
.jof dry chlorine was passed along with stirring and external
iieooling, ma1ng&in:ng the temperature of the reaction mixe|
{ture at 45-55Y, The excess -of chlorine was displaced by 'j
‘carbon dioxide end the reaction mixture was distilled as | -
1descrlbed above. 61 g (67 % of the theorstical) vf the |
zchloraannydrlap of 6~chlovoethy3phospnonlc acid waa pro» 3
ducedo . ’ {

% Chloroanhydrid# of‘%wnnloroethylphosphonlc acia R
From —uhloroethylwhaanhonzc acid and +h10nyl
chloride

: To' & mixbure of 5 g of £ echnical chhloraethyl~iy-
‘phosphonlc acid and 1 g of pyridine there was gradually
added with vigorous agitation 100 g of thlony] cnlorldw,
'the reaction mixture temperature was kept at 50-459;
‘complete the reaction the mixture was heated at 70»75° for
‘one hour, and then the volatile fractlonums:distllled and :
‘the residue was then vacuum-distilled. (30.5 % of
the theoretical) of the chlorosnhydride of »chlaroethyl-'
iphosphonic acid was obtained.  There remained Iin the dis-
‘tillation flask & large smount of resinous residue, which;
decompwaeJ upon further heaflng.

gt e

Cnlaroanhydrlde of mchloroethylpnosphonlc acjd P
A ‘ from DEKhK andAP015 :

‘ - To & mixture heate& to 1%0m1500 can*alning 68 g of
pure DEXhX and 0.9 g . of- water—free_iren chloride there
was gradually added, w1th v‘gorous stirring, 110 g of PClé.

Thereupdn, the dichl oroethane end phosphorus ﬁxy¢hlor1de !
formed were distilled off. Then the reaction product was.
vacuum-d;stxlled. :

The fraction with a boil;ngmpoxnt range of 10«95 |
(2 mm) was distilled once again and yielded 36.4 g (80 %
:0of the theoretical) of chloroanh;ygmde of ﬁnbhloroathyl-—
‘phosphonic acid, boiling at 80-82~ (4 mm). When technical
:DEKhK (under the same conditions) was used 65 % of the ;l
chloroanhydrxde was produced. . =

When copper chloride was used as the oatalyst (w1th
’technmcal DEKhK) the yield of the product de51red stood at




'50-55 %, and when the reaction was carried out without a
‘catalyst the yield was 25-30 % of the theoretical. '

Conclusions

4 preparative method has been developed for obtaine
ing the chloruanhydride. of H-chloroethylphosphonic acid
‘without the use of pressure and with yields of afproximately
65-70 % of the theoretical when the technical grade of the
d1-6,@'~chloroethyl ester of : «¢hloroethylphosphonic acid
wes used, and with yields of approximately 80 % when the
pure grade was employed.
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